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PURPOSE:To obtain a flow rate measuring method of a granule particle body, having high measuring 
accuracy, by combining a measuring method using a solid-gas 2 phase flow meter of Venturi type, with a 
measuring method utilizing the resonance of a microwave. 

CONSTITUTION:A microwave outputted from a voltage control oscillator 34 is transmitted to an electric 
conductor 23 through an attenuator 35, a coaxial electric conductor 27 and a connector 25. causes a resonance 
phenomenon in specified frequency, is transmitted to a detector 41 by a coaxial electric conductor 28 through a 
connector 26 from an electric conductor 24, and resonance frequency is detected. An output of the detector 41 
is converted to a .signal showing density DELTAc of a pulverized coal flow by a linearizer 47. Difference 
pressure DELTAP generated by a Venturi tube 7 is measured by a difference pressure measuring circuit 8, 
operation by the difference pressure DELTAP and the density DELTAc is excited by an operator 5 a flow 
velocity Vc Is derived, and operation Is executed by an operator 6, by which a flow rate of pulverized coal is 
derived. 
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ABSTRACT: 

PURPOSE: To obtain a semiconductor thin film having excellent 
crystallizability by irradiating an insulating film with an electron beam 
to recrystallize a semiconductor film after making thicker the thickness 
of the insulating film on the region with center at an element forming 
portion than that in the surrounding region. 

CONSTITUTION: An SiO.sub.2 film 12 is formed on 001 single crystal Si 
substrate 11. Next, after a polycrystalline Si film 13 and an 
SiO.sub.2 film 14 are sequentially cladded on the siO. sub^2film 
12, the sio.sub.2 14 is formed so as to provide an insyj^tft convex 
portion 15. When the siO.sub.2 film 14 is annoalod bvTscannix 
CW electron b©am, a single crystal containing few defiBCfifcas- 
obtained under the convex portion 15 of the siO.sub.2 film. A 
polycrystalline silicon gate electrode 18 is formed via a gate oxide film 
17 in the region of the single crystal and impurities are doped to form a 
source 16 and a drain 19, thereby producing an N-channel transistor. 



D4-0Z 04:24pin Fron-USDOC Patsnt t TradBmark Ottica 703-308-7952 T-040 P. 002/007 F-0 

PTO: 2002-4161 

Japanese P«bjished Unexamined Patent Application (A) No. 60-043814, published 
March 8, 1985; Application FHing No. 58-151517, filed August 22, 1983 
Inventor(s): Toshio Yoshii; Assignee: Toshiba Corporation; Japanese Title- 
Method to Manufacture Semiconductor Crystalline Films 

METHOD TO MANUFACTURE SEMICONDUCTOR CRYSTALLINE FILMS 
CLAIM(S) 

A method to manufacture a semiconductor crystalline thin fdm, comprising a 
step of depositing a semiconductor film on an insulated substrate and a step of 
depositing an insulating film on said semiconductor film; said method being 
characterized in that said insulating film other than the region of the prescribed 
region is partiaUy or entirely removed and electron beam is radiated from above the 
substrate. 

DETAILED DESCRIPTION OF THE INVENTION 
(Field of Industrial Application) 

The present invention pertains to a method to manufacture a semiconductor 
crystalline thin film on an insulated substrate by a beam annealing method. 
(Problems of the Prior Art to Be Addressed) 

A semiconductor thin film on an insulated substrate is noted for having 
advantages as is found in a silicon-on-snppbire (SOS) relative to a bulk 
semiconductor. More specifically, when it is dielectrically cut or separated into 
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islands, the element separation can be secured easily (1). The floatation capacity can 
be minimized by reducing a p-n junction dimension* 

An SOS IS expensive for its use of a single crystalline sapphire, so there is a 
method that uses a melted crystalline sheet, amorphous SiO, formed by oxidizing an 
Si substrate, or amorphous SiOj deposited on the Si, amorphous SiOj film deposited 
OD Si, or an amorphous SiN film on which a semiconductor film is deposited. These 
SiOj or SiN is not a single crystalline film, so a polycrystalline film grows on it The 
grain size of this polycrystalline film is nearly a few hundreds A, so its carrier 
mobility is only 1/20 - 90 of an MOS transistor on the bulk Si even if the MOS 
transistor is formed on this. Recently, there has been attempted a method wherein 
crystalline grains are made larger by reducing the laser or electron beam to smaller 
dots, linearly scanning on a semiconductor thin film, and by solidifying it. By this 
method, the crystal grain with a few /^m, which is 100 times larger than the prior art 
one is obtained, and therefore a device made on it is also improved in characteristics. 

The device made by this method, however, comes with the following 
problems. 

For a small dimension MOS transistor with channel length 6 fim and channel 
width 12 /um, the carrier mobility was measured. It was found that there are some 
with nearly 400 cmVv per second, while some elements hajd only some tens cm^/v per 
second, and some elements had a residual leak current between the source and 
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drain. By analyzing the causes, the following problems were found. Since the 
energy of laser beam or electron beam is distributed in Gauss dbtribution, the film 
is melted and solidified from the edge to the center when the beam is scanned. 
Therefore, the crystalline grains grow from the edge of the beam toward the centen 
In this case, the crystalline grain size grows to a certain extent, but the single 
crystals cannot be formed enough to form a region for the element And, the 
presence of a crystalline boundary caused poor element characteristics and non- 
uniformity. 
(Objective) 

The present invention was produced to solve the aforementioned problems, 
and attempts to present a method to produce a semiconductor thin film excellent in 
crystallinity by preventing the melting of the semiconductor thin film caused by 
electron beam radiation and the nuclear growth from the beam edge caused by the 
subsequent solidification. 
(Summarization) 

In the present invention, an insulating film is coated on the semiconductor 
film on the insulated substrate; the insulating fihn is removed partially or totally 
from the area other than the prescribed islands; the insulating film on the region 
for forming the element in the semiconductor film is made thiclcer than its 
surrounding region; and the semiconductor film is recrystailized by radiating the 
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electron beam. 
(Advantage) 

According to the present invention, when the electron beam is radiated, the 
energy applied to the islands covered with a thick insulating film is less than that 
applied to the area covered with a thin insulating film, so the solidification 
progresses faster after the melting than in the surrounding region. Accordingly, the 
crystalline growth progresses in such a manner that the crystalline grain boundary 
does not encroach from the islands covered with a thick insulating film toward the 
periphery. So, the element characteristics formed in the periphery are uniform and 
excellent. 

(Embodiment Example) 

An example of the embodiment of the present invention is explained below 
with reference to Fig, 1 (a) - (b). First, 1 ^m SiOj film is made to grow on a (001) 
single crystalline Si substrate 11 {Fig. 1 (a)}. 

After depositing on this polycrystalline Si film 12 by a 0.6 fim thickness and 
SiOt film 13 by a 0.3 thickness {Fig. 1 (b)} on this, the SiO^ film 13 is put to 
lithography to form bump 15 in island form. At this time, the Sip2 film other than 
the bump section is etched down to 0.1 jum (Fig. 1 (c)}« On this test sample, CW 
electron beam is scanned with step width 10 ptm by reducing the beam diameter to 
ISO A^m, at accelerating energy 7 eV and beam current 2.5 mA for annealing. The 
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crystallinity of the Si film 13 after annealing was examined by transmission electron 
microscope. It was found that the single crystals underneath the bump section 15 of 
the SiOj fdm hardly have any defect. In this single crystalline region, the 
polycrystalHne silicon gate electrode 18 was formed via a 600 A gate oxide film 17, 
and the source 15 and the drain 19 were formed by doping impurities to made an n- 
channel transistor with channel length 4 //m and channel width 8 //m {Fig. 1 (d)). 
When the effective carrier mobility was measured, it was 800 cmVv per second, 
which was confirmed nearly equal to that in an instance when bulk Si was used. 
Also, the characteristics when the MOS transistor was formed in multiple similar 
regions were uniform. In the case when the element was present in the Si substrate, 
the device with excellent characteristics was likewise formed, so the method of the 
present invention was found to be good enough for manufacturing a laminated 
device. 

In the aforementioned embodiment example. Si was used for the thin film, but 
Ge, or GaAs also may be used. It is obvious that the effect of the device is not 
undercut depending upon the materials of underiying substrate and of insulating 
film and the formation method. In addition, it goes without saying that the size and 
shape of the island of the insulating film bumps and the size and shape of the film 
are not limited to those mentioned above. 
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BRIEF DESCRIFnON OF THE DRAWINGS 

Fig. 1 (a) - (d) show a sectional view of the embodiment example in the steps 
of formation. 

11. Single crystalline Si substrate 

12. SiOjfilm 

13. PolycrystalKne Si 

14. SiOj film 

15. Bump 

16. Source 

17. Gate oxide film 

18. Gate electrode 

19. Drain 

Translations 

U. S. Patent and Trademark Office 

8/16/02 

Akiko Smith 
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